In this paper it is proposed, for the local control of an autonomous mobile robot, the use of only a motherboard of an Android smartphone, instead of a full smartphone. Thus, in addition to presenting the mobile robot, it is shown how the control system was conceived and achieved. The control system does not contain the display or the touchscreen of the smartphone. The motherboard is connected to the motor driver via a standard interface called "Android ADK Interface". Motion control is performed using an Android app that is run on the motherboard and that is automatically launched at the power up of the mobile robot. The app offers the possibility of automatic detection and bypass of obstacles and was created in the Android Studio programming environment.
INTRODUCTION
There are several papers and applications in which, for the local control of an autonomous mobile robot, a standard Android smartphone is used [1] [2] [3] , [5] .
The local control of a mobile robot, in generally is the direct control (so not remotely control), of the motors used for movement. Thus, in these applications, the Android smartphone is the Central Control unit and the Android app, which is run on the smartphone, is the Mobile Robot Control program.
Using a smartphone for local control of a mobile robot are more advantages compared to "popular" variants such as mobile robots equipped with Arduino or Raspberry Pi development systems [4] . The advantage is in the much higher computing power compared to Arduino or Raspberry Pi, as well as in the fact that the standard smartphones are equipped with a range of sensors and connectivity functions, frequently used in applications with mobile robots, such as: GPS, inertial sensors, e-compass for navigation and orientation, cameras for image processing, microphone as audio input and wireless connectivity (WIFI, Bluetooth).
In the case of the autonomous mobile robots, all operations relating to the movement, navigation, detection and bypass obstacles etc. are performed automatically, based on the control program and on the informations provided the sensors, without any necessary interventions of the human operator. The intervention of the human operator shall only occur at the power up of the control system and at the launch of the control program. The remainder of the operations is performed automatically so that no interaction is required between the human operator and the control system.
As a result, if the power up of the control system and the launch of the control program are performed by manually actuating of some additional switches and/or additional buttons, in most cases, no manual interaction is required between the human operator and Android smartphone (which represents the control system of the mobile robot).
Therefore, in the case of an autonomous mobile robot, are not required all components of a standard smartphone. For example, there is no need the display, the touchscreen and no need the smartphone case. It is enough to use the motherboard and the smartphone's battery, which is the power supply. In this paper is presented the control system of an autonomous mobile robot, Figure 1 , which for local control uses only the motherboard of a smartphone, without display and without touchscreen.
DESIGN AND ACHIEVEMENT OF THE CONTROL SYSTEM
The achieved mobile robot is a crawler robot and is equipped with 2 DC motors for driving the crawler, 2 infrared sensors (IR1 and IR2) for obstacle detection and 2 microswitches (EN1 and EN2) to avoid collisions ( Figure 2 ). 
The motherboard
The motherboard used for local control of the mobile robot comes from a standard Android smartphone. This is an Allview A6 Quad smartphone with Qualcomm MSM8212 Snapdragon 200 chipset, Quad-core 1.2 GHz Cortex-A7 CPU and with Adreno 305 GPU [10] . Although this smartphone does not have outstanding performance, however it presents a large enough computing power to use the motherboard of this smartphone as the master board for a mobile robot.
The motherboard was mounted on the front of the robot. In parallel to the Power key which ensures the start of the operating system, it has mounted (on the robot chassis) a push button marked with "Power button" (Figure 3 ). Powering the motherboard with a voltage of (3.7-4.2 V) is made from the battery of the smartphone, which was mounted under the chassis of the robot. The motherboard can be connected and disconnected from the battery using a switch marked with "ANDROID POWER". Battery charging is carried out, through the USB port of the motherboard with a standard 5V/1A charger, until the battery voltage reaches 4.2 V. Reaching this value is checked with a simple voltmeter.
While a standard Android smartphone's motherboard it is superior in computing power versus Arduino or Raspberry Pi, however in the local control of a mobile robot have several disadvantages. These disadvantages derive from the fact that it cannot directly generate PWM (Pulse Width Modulation) signals that are necessary for controlling DC motors through the motor driver and cannot directly retrieve signals from sensors used on the mobile robot. For connectivity with the motor driver and sensors, only the standard USB port, with which each Android smartphone is equipped, can be used.
This issue can be resolved by using a programmable interface that connects on one side to the USB port of the motherboard and on the other side to the motor driver. Such a standard interface is the Android ADK (Accessory Development Kit) interface.
The Android ADK interface
When connecting an Android ADK interface to the USB port of the motherboard, the Android "phone" acts as the USB Device and the ADK interface acts as the USB Host. This means that the ADK interface is the bus master and provides power. The ADK interface used in the control system of the mobile robot is the FT311 Development Module, Figure 4 . This development module has several modes of operation, such as GPIO mode, UART mode, PWM mode, etc [6] . In PWM mode, it provides 4 PWM signals, enough to control the 2 continuous current motors. These PWM signals are applied to the motor driver inputs.
According to Figure 5 , for control of the motor1 the "channel 1" and "channel 2" are used, which are connected to the inputs 1 and 2 of the motor driver. If, according to the control program, a PWM signal is emitted only on "channel 1" (the signal at the "channel 2" remain on logical level 0) the motor1 is running forward, and if a PWM signal is applied only on "channel 2", then motor1 is running backwards. Also, if a PWM signal is emitted on "channel 3", the motor2 is running forward, and if a PWM signal is emitted on "channel 4", the motor2 is running backwards. Thus, depending on how the PWM signals are emitted on the 4 channels can be obtained for the mobile robot a forward movement, a backward movement, left turn and right turn. The movement speed is given by the fill factor of the PWM signal.
The DC motor driver
A motor driver act as an interface between the motor and the "control circuit". Generally, the function of motor drivers is to take a low-current control signal and then turn it into a higher-current signal that can drive a motor.
In this case the control circuit is the Android ADK interface.
The DC motor driver used at the mobile robot is built around the integrated circuit L298N, Figure 6 . The L298N is a dual H-Bridge motor driver which allows speed and direction control of two DC motors at the same time. The module can drive DC motors that have health between 5 and 35v, with a peak current up to 2A [9] . In addition to the L298N circuit, the DC motor driver module, for proper operation, also contains 8 rectifier diodes and 4 capacitors.
Figure 6. Example of L298N motor driver mounted on a Sparkfun breakout [9]
For powering the DC motor driver, two 3.7V and 5800mAh rechargeable lithium-ion batteries are used. Mounted in series, they provide a continuous voltage of 7.4 V, which is enough for the DC motors used on the robot. The DC motor driver can be connected and disconnected from these batteries using a switch marked with "MOTOR POWER".
The infrared distance sensor
It was necessary to equip the mobile robot with sensors to implement an automatic detection function and bypass obstacles. It was opted for 2 infrared distance sensor IR1 and IR2 that are mounted in front of the robot. The sensors are the type Sharp GP2Y0D810Z0F, Figure  7 , and at can detect the presence of an obstacle from about 10cm away. In the absence of any obstacle in front of the robot, the sensor continuously emits a logical level 1 electrical signal with 5V voltage.
Given that the FT311 development module, in PWM mode, can't retrieve I/O signals, the IR1 and IR2 sensors are connected, by means of "special interfaces", to the motherboard. Two digital inputs are available on the motherboard, one at the "Volume Down Key" and one at the "Volume Up Key". The two "IR sensor interface" ensures the adjustment of the 5V signal level, emitted by the distance sensor, to the value of 1,8V supported by the motherboard. In addition, the two "IR sensor interfaces" commands the LEFT and RIGHT LEDs mounted on the robot chassis, which are lights up when was detected an obstacle with IR1 or with IR2 sensor.
In order to protect the motherboard from possible collisions, the robot was additionally equipped with two EN1 and EN2 microswitches. These microswitches can interrupt the power of DC motors when occurs a direct contact of the robot with an obstacle.
The voltage regulator
Because for operation, the FT311 development module and the IR1 and IR2 sensors require a 5V power supply, the robot was provided with a voltage regulator, Figure 8 . The S7V7F5 is a switching step-up/step-down regulator. Produces 5 V from input voltages between 2,7 V and 11,8 V [8] . Its ability to convert both higher and lower input voltages makes it useful for this mobile robot application where the 7,4V power supply voltage can vary greatly and can discharge below 5 V.
The control programs
The control program was created in the Android Studio programming environment in the form of an Android app. The app was loaded and installed in the motherboard's memory with the Android Studio programming environment via the USB link. The application was created in such a way that at the power up of the motherboard is launched automatically in execution without any manual intervention of a human operator.
The application provides the moving of the mobile robot in the forward direction with the maximum speed until the detection of an obstacle with the IR1 or IR2 sensor. That is, until a signal appears on the entries related to the Volume Up Key or Volume Down Key buttons. If the obstacle is detected with IR1, the obstacle is on the left side of the robot then the obstacle is bypassed by making a right turn at low speed. However, if the obstacle is detected with IR2 then a left turn is made, also at low speed. In some cases, a stop followed by a backward movement is also required until the obstacle disappears and no longer detected. Then the robot continues the movement in the forward direction at full speed.
CONCLUSIONS
In this paper was presented how it was conceived and achieved the control system for an autonomous mobile robot, which uses for local control only the motherboard of a standard Android smartphone, instead of a full smartphone. It has been shown that for the control system it is not necessary to use the display and the touchscreen, if the application is automatically launched at the power up of the mobile robot. Since the motherboard also contains 2 cameras, in the future appears the possibility of completing the Android app with image acquisition and processing functions for automatic tracing of objects of a particular shape or a specific color.
